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Description 

METHOD OF FABRICATING CONTACT 
HOLES ON A SEMICONDUCTOR CHIP 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to a method of fabricating contact 

holes on a semiconductor chip, and more particularly, to a 
method only requiring a single photomask to fabricate bit 
line contact (CB) holes, substrate contact (CS) holes, and 
gate contact (CG) holes in an array area and a periphery 
area of a semiconductor chip. 

[0003] 2. Description of the Prior Art 

[0004] Dynamic random access memory (DRAM) has become a 

key element of most electronic products. There are a large 
number of memory cells integrated to form an array area 
in a DRAM for storing information. The DRAM also com- 
prises a periphery area for locating periphery controlling 
circuits. Each of the memory cells and the periphery con- 



trolling circuits comprises a metal oxide semiconductor 
(MOS) transistor and other electrical elements, such as a 
capacitor, in series. The MOS transistor is electrically con- 
nected to a word line while the capacitor is electrically 
connected to a bit line; together, they determine the ad- 
dress of a memory cell. For electrically connecting these 
electrical elements, contact holes are formed between 
various material layers so that subsequently formed con- 
ductive materials can be filled into the contact holes to 
complete the functionality of the MOS transistor. 
[0005] please refer to Figs. 1-3, which are schematic diagrams of 
fabricating contact holes on a semiconductor chip 10 ac- 
cording to the prior art. The semiconductor chip 10 has a 
substrate 12, and the substrate 12 comprises an array 
area 14 and a periphery area 16. The array area 14 is used 
for locating each memory cell of a DRAM and has two 
gates 18, 20. The periphery area 16 is used for locating 
the periphery controlling circuits of the DRAM, which has 
a gate 22. Each of the gates 18, 20, 22 comprises an ox- 
ide layer (not shown), a conductive layer 24, a silicide 
layer 26, a mask layer 28, and a spacer 30. In a conven- 
tional method of fabricating the contact holes, a dielectric 
layer 32 is first deposited on the gates 18, 20, 22, and 



then, a doped polysilicon layer 34 is deposited on the di- 
electric layer 32 for being a hard mask of a following 
etching process. As shown in Fig. 2, a photoresist layer 
(not shown) is deposited on the doped polysilicon layer 
34, and a first photomask CT is used to perform a pho- 
tolithography-etching process (PEP) to remove a portion 
of the doped polysilicon layer 34 and the dielectric layer 
32. Therefore, a bit line contact hole 36 is formed in the 
array area 14, and a gate opening 38 and a substrate con- 
tact hole 40 are simultaneously formed in the periphery 
area 16. Referring to Fig. 3, a second PEP is performed by 
using a second photomask CK to remove the mask layer 
28 exposed by the gate opening 38, and thereby a gate 
contact hole 42 is formed. Then, a glue layer and a metal 
layer (not shown) are deposited, and an etchback process 
is performed to fill the metal layer into the bit line contact 
hole 36, the gate contact hole 38, and the substrate con- 
tact hole 40.Thus, subsequently formed elements and 
conductive lines can be electrically connected to the sub- 
strate 12 and the gate 22 through these contact holes. 
[0006] | n the prior art, when fabricating the bit line contact hole 
36 of the array area 14 and the gate contact hole 42 and 
the substrate contact hole 40 of the periphery area 16, it 



is necessary to use two photomasks CT and CK and per- 
form two photolithography processes, so that the whole 
fabricating process of these contact holes is very compli- 
cated and costs much money and time. In addition, it is a 
disadvantage to perform the photolithography process to 
the photoresist layer above the doped polysilicon layer 34, 
which is taken as a hard mask, according to the prior art. 
This is because the optical reflection of the doped polysil- 
icon layer 34 is high and the contact holes have a high as- 
pect ratio so that the photoresist layer may remain in the 
inter-gate space to cause contact holes to have defects, 
such as voids. Furthermore, the aspect ratio will become 
even higher as the integration is higher, resulting in the 
probability of voids occurring being much higher and re- 
ducing the yield of products. 
Summary of Invention 

[0007] it j S therefore a primary objective of the claimed invention 
to provide a method of simultaneously fabricating bit line 
contact holes, substrate contact holes, and gate contact 
holes with low aspect ratio in an array area and a periph- 
ery area by a single photomask CT to solve the above- 
mentioned problem. 

[0008] According to the claimed invention, a method of fabricat- 



ing contact holes on a semiconductor chip is disclosed. 
The semiconductor chip has a substrate comprising an ar- 
ray area for locating each memory cell of a DRAM and a 
periphery area for locating a periphery controlling circuit 
of the DRAM, wherein the array area and the periphery 
area contain at least a first gate and a second gate re- 
spectively. Each of the first gate and second gate com- 
prises a first mask layer on a top surface and a spacer on 
a sidewalk The method comprises filling a dielectric layer 
into the inter-gate space of two gates; polishing, for ex- 
ample, using a chemical mechanical polishing process, the 
dielectric layer until the surface of the dielectric layer is 
coplanar with the top surface of the gates; depositing a 
second mask layer; etching the second mask layer to form 
a bit line opening in the array area and simultaneously 
forming a gate opening and a substrate opening in the 
periphery area; etching the dielectric layer through the bit 
line opening and the substrate opening until the substrate 
is exposed to form a bit line contact hole and a substrate 
contact hole; filling a metal layer into the bit line contact 
hole and the substrate contact hole; and etching the first 
mask layer through the gate opening to form a gate con- 
tact hole. 



[0009] ^ is an advantage of the claimed invention that the 
method only uses a single photomask and one pho- 
tolithography process to define the pattern of the bit line 
contact hole, gate contact hole, and the substrate contact 
hole, so that a total cost of the process can be reduced. In 
addition, the contact holes fabricated according to the 
claimed invention have a lower aspect ratio, and therefore 
voids can be avoided and product yields can be raised. 

[0010] These and other objects of the claimed invention will be 

apparent to those of ordinary skill in the art after having 

read the following detailed description of the preferred 

embodiment that is illustrated in the various figures and 

drawings. 
Brief Description of Drawings 

[0011] Figs. 1-3 are schematic diagrams of fabricating contact 
holes on a semiconductor chip according to the prior art. 

[0012] Figs. 4-9 are schematic diagrams of fabricating contact 

holes on a semiconductor chip according to the present 

invention. 
Detailed Description 

[0013] please refer to Figs. 4-9, which are schematic diagrams of 
fabricating contact holes on a semiconductor chip 50 ac- 



cording to the present invention. As shown in Fig.l, the 
semiconductor chip 50 has a substrate 52 comprising an 
array area 54 and a periphery area 56. The array area 54 
is used for locating memory cells of a DRAM, and the pe- 
riphery area 56 is used for locating the periphery control- 
ling circuits of the DRAM. The semiconductor chip 50 also 
has an oxide layer (not shown), a conductive Iayer58, a 
silicide Iayer60, and a first mask layer 62 on the substrate 
52, wherein the oxide layer, composed of silicon dioxide 
(Si02), serves as a gate oxide layer or a pad oxide layer of 
the ion implantation processes. The conductive Iayer58 is 
composed of doped polysilicon. The first mask layer 62 
can be formed by silicon nitride (SiN), silicon carbon (SiC), 
or silicon oxynitride (SiON). The forming method of the 
oxide layer,the conductive Iayer58, the silicide Iayer60, 
and the first mask layer 62 is well known to those skilled 
in the art, therefore no detailed description will be pro- 
vided herein. 

[0014] As shown in Fig. 5, before fabricating the contact holes, 
the gates of the memory cells and periphery controlling 
circuits have to be fabricated in the array area 54 and the 
periphery area 56 respectively. At first, a PEP is performed 
to remove a portion of the first mask layer 62, the silicide 



Iayer60, and the conductive Iayer58 to form two gates 64, 
66 in the array area 54 and a gate 68 in the periphery area 
56. After that, a silicon nitride layer is deposited, and is 
then etchbacked through an anisotropic etching process 
to form a spacer 70 on the sidewall of each of the gates 
64, 66, 68. An ion implantation and a thermal annealing 
process are performed to form a source and a drain (not 
shown) of each of the gates 64, 66, 68. 

[0015] As shown in Fig. 6, a borophosphosilicate glass (BPSG) 

layer (not shown) is deposited on the semiconductor chip 
50. A chemical mechanical polishing process is performed 
to polish the BPSG layer to the first mask layer 62, so that 
the surface of the BPSG layer is approximately coplanar 
with the surface of the gates 64, 66, 68. The BPSG layer is 
taken as an inter layer dielectric (ILD) layer 72 of the in- 
ter-gate space. In another embodiment of the present in- 
vention, the ILD layer 72 is composed of silicon dioxide. 

[0016] Referring to Fig. 7, a silicon nitride layer, which serves as a 
second mask layer 74, is deposited on the semiconductor 
chip 50. The thickness of the second mask layer 74 is 
greater or approximately equal to the thickness of the 
first mask layer 62. A photoresist layer (not shown) is 
formed on the second mask layer 74, and then a pho- 



tomask CT is used to perform a photolithography process 
to define the pattern of the bit line contact hole, the sub- 
strate contact hole, and the gate contact hole on the pho- 
toresist layer. The following is to perform an etching pro- 
cess to remove the second mask layer 74 not covered by 
the photoresist layer for forming a bit line opening (not 
shown)in the array area 54 and a substrate opening (not 
shown) and a gate opening 76 in the periphery area 56. 
An etching process is performed to remove portions of 
the ILD layer 72 through the bit line opening and the sub- 
strate opening until the substrate 52 is exposed, and 
therefore a bit line contact hole 78 and a substrate con- 
tact hole 80 are formed. The second mask layer 74 may 
also comprise other nonconductive materials, such as sili- 
con carbide or silicon oxynitride. 
[0017] As shown in Fig. 8, a glue layer (not shown) is deposited 
and a metal layer 82, such as tungsten, is filled into the 
bit line contact hole 78 and the substrate contact hole 80. 
After that, a chemical mechanical polishing process or an 
etching process is performed to remove the metal layer 72 
and the glue layer above the second mask layer 74. As 
those skilled in the art may understand, the glue layer is 
used for enhancing the adhesion force of the metal layer 



82, and is composed of a titanium nitride (TiN) layer and a 
titanium (Ti) layer. Then, the second mask layer 74 is 
taken as a hard mask or an etching pad, and an etching 
process is performed for etching the first mask layer 62 
through the gate opening 76 to thereby form a contact 
hole 84. It should be noted that the first mask layer 62 
and the second mask layer 74 are both removed by this 
etching process if the first mask layer 62 and the second 
mask layer 74 are composed of the same material. How- 
ever, the main objective of this etching process is to re- 
move the first mask layer 62 of the gate 68 not covered 
by the second mask layer 74. As a result, when the second 
mask layer 74 is thicker than or equal to the first mask 
layer 62, the main objective can be matched. That means 
although the second mask layer 74 may also be removed 
through this etching process, the first mask layer 62 on 
the top of the gates 64, 66 will not be damaged. Accord- 
ing to another embodiment of the present invention, the 
first mask layer 62 and the second mask layer 74 are 
formed of different materials, and therefore an etching 
selectivity can be adjusted to only remove the first mask 
layer 62 not covered by the second mask layer 74 and 
leave the second mask layer 74whole. Thus, the thickness 



of the second mask layer 74 does not have to be greater 
than that of the first mask layer 62. 

[0018] As shown in Fig. 9, a second oxide layer (not shown) is 

then deposited on the semiconductor chip 50 and is pol- 
ished by a chemical mechanical polishing process. A PEP is 
performed to define the pattern of a bit line. Finally, a 
metal material is filled into the pattern of the bit line, and 
the metal layer is etchbacked or polished until the surface 
of the metal layer is approximately coplanar with the sur- 
face of the second oxide layer. Thus, the fabrication of the 
bit line contact hole 86 is completed. 

[0019] | n contrast to the prior art, the present invention only uses 
a single photomask CT to define the patterns of the gate 
contact hole, substrate contact hole, and bit line contact 
hole on the semiconductor chip.Therefore, the cost of 
photomasks and other process materials and time spent 
during fabrication can be effectively saved. Furthermore, 
the aspect ratio of the contact holes fabricated according 
to the present invention is smaller so that the photoresist 
layer will not remain in those contact holes, which results 
in voids. Thus, the yield of the semiconductor product can 
be increased. 

[0020] Those skilled in the art will readily observe that numerous 



modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



